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two 12 h spans. The study of circadian rhythms in subspans is used
very widely in animal experiments (e.g., with subgroups of animals
phase shifted to the working hours of the investigator) and is being
widely used in human studies, e.g., in chronopharmacology when the
pharmacokinetics or pharmacodynamics of an agent do not allow
repeat studies at different clock hours of the same day (e.g., studies at
different clock hours 1 wk apart).
Reference variables (‘‘marker rhythms’’) of cortisol and/or melatonin
would certainly be of interest. For clinical work on patients, however,
their use has several limitations. Blood sampling would be invasive
and would add stress effects (and artifacts) to the study. Salivary
determinations would be less invasive but would be expensive and
need very sensitive reagents. The turnaround time of the hormone
determinations provide only a marker rhythm post-factum. Reinberg
et al also performed studies of chronobiology without the use of
melatonin and/or cortisol as reference function (Reinberg et al, 1990).
In clinical chronobiology, the sleep/wakefulness pattern of the
subjects is an inexpensive and practical reference variable that can be
studied over a prolonged time span and thus is more reliable than a
melatonin or cortisol rhythm followed over 1 or 2 d. The information
on the sleep/wakefulness pattern of our subjects was available at the
time of the study.
The detection of time-dependent differences in our study were
never provided by the cosinor procedure alone, but were examined
by one-way ANOVA in all variables, and the peak–trough differences
were examined by the Fisher least significant difference test and the
Schefe F test. Thus, time-dependent differences in transepidermal
water loss, skin pH, and skin temperature were documented quite
apart from the cosinor analysis and the high and low values encountered
are presented in the text of the paper. The one-way ANOVA summary
is presented in Table 1 of our paper.
The cosinor procedure provides additional information. The
population mean cosinor indicates the sometimes wide confidence
intervals for the acrophase and the variability within the group and
the 95% probability to find the acrophase of the group within this
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To the Editor:
In the February issue of the Journal of Investigative Dermatology, Birch-
Machin et al reported on the frequency of the so-called ‘‘common
deletion’’ – a well-known marker for mutations of the mitochondrial
(mt)DNA – in human skin samples from sun-exposed and sun-
protected areas. Skin samples from patients following pinnaplasti or
circumcision and postmortem samples from buttock, inner forearm,
and heel representing sun-protected skin, were compared with skin
samples from perilesional skin for skin cancer excisions, representing
sun-exposed skin. By employing a 3-primer polymerase chain reaction
method it was observed that skin from sun-exposed sites showed a
higher content of the common deletion than sun-protected skin. The
authors therefore proposed that mutations in mtDNA may be useful
as a marker of cumulative ultraviolet radiation exposure.
Birch-Machin et al compared sun-protected versus sun-exposed skin
by assessing samples that had been obtained from different individuals.
It should be noted, however, that a large interindividual variation of
mtDNA mutations in various human tissues, including skin, has been
described previously (Greenberg et al, 1983; Ward et al, 1991; Piercy
et al, 1993). The data provided by Birch-Machin et al therefore do not
exclude the possibility that the observed differences between sun-
protected versus sun-exposed sites are at least partially due to inter-
individual differences. In spite of this, however, it is likely that the
range. The cosinor provides rhythmometric information but is not the
only procedure used by us to indicate circadian time-dependent
differences. Even if the results of the cosinor procedure are ignored,
the temporal differences encountered are statistically documented, and
in some variables are substantial and expected to be clinically meaningful.
The presentation of the circadian rhythms by the best fitting cosine
curves is meant to provide a simplified view of the time structure of
human skin, similar to the acrophase charts used widely in the
chronobiologic literature. Reinberg et al used exactly the same cosinor
procedure on data gathered at only five time points over a 24 h span
(Reinberg et al, 1990).
It should be also stated that in a list of reference values of
chronopharmacology of significant circadian rhythms, many of the
acrophases have a range of 3–7 h (Haus et al, 1988), within the range
presented in our study.
We thank Reinberg et al for their discussion of our paper, but for
obvious reasons we disagree with their conclusions.
Gil Yosipovitch
Department of Dermatology, Rabin Medical Center,
Beilinson Campus, Tel Aviv University, Petah Tikva, Israel
REFERENCES
Haus E, Nicolau GY, Lakatua D, Sackett-Lundeen L: Reference values for
chronopharmacology. Ann Rev Chronopharmacol 4:333–424, 1988
Reinberg A, Koulbanis C, Soudant E, Nicolai A, Mechkouri M, Smolensky M: Day-
night differences in effects of cosmetic treatments on facial skin, effects on facial
skin appearance. Chronopharmacol Internat 7:69–79, 1990
Reinberg AE, Touitou Y, Soudant E, Bernard D, Bazin R, Mechkouri M: Oral
contraceptives alter circadian rhythm parameters of cortisol, melatonin, blood
pressure, heart rate, skin blood flow, transepidermal water loss, and skin amino acids
of healthy young women. Chronobiol Internat 13:199–211, 1996
Yosipovitch G, Xiong GL, Haus E, Sackett-Lundeen L, Ashkenazi I, Maibach HI: Time
dependent variations of the skin barrier function in humans: transepidermal water
loss, stratum corneum hydration, skin surface pH, and skin temperature. J Invest
Dermatol 110:20–23, 1998
occurrence of mtDNA deletions in human skin do reflect photoageing.
In fact this hypothesis has already been proposed, in 1995, by Yang
et al, who reported in a total of 199 individuals, including intraindividual
comparisons, a significantly increased frequency of deletions of mtDNA
such as the common deletion in UV-exposed skin, when compared with
UV-protected skin. These findings have been recently corroborated and
extended in an independent study by Berneburg et al, who provided
a strictly intraindividual comparison of mtDNA mutation frequencies
in photodamaged versus undamaged skin.
Birch-Machin et al were unable to find an age dependance in their
investigation; however, Yang et al in their sudies in 1994 and 1995
found an age-related accumulation of mtDNA mutations in human
skin. This was not an unexpected finding, because essentially identical
observations had been made previously for a variety of human tissues
(Cortopassi et al, 1992).
The mutation frequency of mtDNA varies in different human tissues
(Cortopassi et al, 1992). Furthermore it has been shown that replicating
tissues possess selection mechanisms against large deletions of the
mitochondrial genome (Bourgeron et al, 1993; Gattermann et al, 1995).
Thus the overall frequency of mutated mtDNA in these compared
with other tissues is relatively low.
For the sun-exposed samples of their study, Birch-Machin et al give
no age range. Thus it is not possible to speculate whether an age
dependence should be found. When looking at their sun-protected
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samples the authors investigated in an age range from 2 to 84 y, a
range in which Yang et al were able to detect an age dependence. This
difference in results might be explained by a lower sensitivity of the
3-primer polymerase chain reaction method. In their assay three,
instead of two, primers compete for a mixed population of normal
and deleted mtDNA molecules and a threshold of 1% mutation
frequency was chosen, below which frequencies were considered
background. It is possible that in sun-protected samples the mutation
frequency of mtDNA increases with age but stays below the detection
level of this assay.
Mark Berneburg
MRC Cell Mutation Unit, University of Sussex, Falmer Brighton,
U.K.
Jean Krutmann
Clinical and Experimental Photodermatology, Department of
Dermatology, Heinrich-Heine-University, Du¨sseldorf, Germany
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Reply:
We are pleased with the interest that Drs. Berneburg and Krutmann
have shown in our paper (J Invest Dermatol 110:149–152, 1998);
however, we would like to qualify some of their comments. Contrary
to what Berneburg and Krutmann say, we did report an intraindividual
comparison of the 4977 bp deleted mitochondrial DNA (i.e., mtDNA
common deletion), showing that high levels (.1%) of the deleted
mtDNA were observed in sun-exposed but not sun-protected skin.
Their argument about interperson versus intraperson comparisons is
wide of the mark, and would only be pertinent if we had failed
to find differences. Secondly, the references that they quote for
interindividual variation of mtDNA mutations deal with the well-
known phenomenon of high mtDNA heteroplasmy in the noncoding
region of mtDNA. In contrast, the common deletion encompasses
only the coding region, which has a much lower rate of heteroplasmy
than the noncoding region (Jazin et al, 1996). Thirdly, it is misleading
to argue that large deletions of the mitochondrial genome are selected
against, without referring to the majority of literature in this field that
shows that mutated DNA (Yoneda et al, 1992) and importantly the
common deletion (Hayashi et al, 1991; Wallace, 1992; Collombet et al,
1996; Brierley et al, 1998) have a replicative advantage. In contrast,
Berneburg and Krutmann quote a study by Bourgeron et al, 1993 that
shows that the level of the common deletion can be modified by the
culture medium, an event that could not account for the clonal
expansion of the common deletion in cytochrome oxidase negative
fibres (Brierley et al, 1998).
Our paper was the first quantitative study of the common deletion
in skin using a methodologically adequate polymerase chain reaction
method (which has been validated against Southern blotting by a
number of groups; Sciacco et al, 1994; Brierley et al, 1998). The
surprising observation we made is that levels of the common deletion
are an order of magnitude higher than those seen with aging in many
tissues; that the changes are greater in the dermis rather than the
epidermis; and as our results clearly show, that these changes can best
be accounted for by changes secondary to ultraviolet radiation exposure.
Deletions of mitochondrial DNA may be useful as a marker of
cumulative ultraviolet radiation exposure.
Mark Birch-Machin, Jonathan Rees
Department of Dermatology, Medical School, University of
Newcastle, Newcastle, U.K.
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